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Abstract
Objectives: Increasing bilateral gluteus medius co-activation has been identified as one of the most important factors in developing low back pain due to prolonged standing in healthy people. This study aims to investigate the impact of an anti-fatigue mat
on the bilateral gluteus medius co-activation pattern and to report the low back pain subjectively in 2 different standing positions
on the normal rigid surface and on the anti-fatigue mat. Material and Methods: While carrying out an easy simulated profession, 16 participants who had no low back pain background were requested to stand for 2 h in each position, with and without
using the anti-fatigue floor mat, respectively. At the beginning of standing process and at every 15 min until the time of 120 min
lapses, electric activities for the bilateral gluteus medius co-activation and subjective pain level in low back area were collected
by the surface electromyogeraphy (EMG) and the visual analogue scale (VAS), respectively in each position. Results: The obtained findings revealed that the anti-fatigue mat significantly decreased subjective pain level in low back area among 15 participants (p < 0.05). However, there was objectively no significant difference in the bilateral gluteus medius co-activation pattern
among the participants between the position 1 and the position 2 (p > 0.05). The findings obtained under this study related to the
impact of the anti-fatigue mat upon the low back pain based on the increase of > 10 mm on the VAS threshold, which showed
that this intervention had no significant impact upon decreasing the number of patients suffering from the low back pain and also
minimizing the bilateral gluteus medius co-activation in both pain developer groups (p > 0.05). However, 73% of the participants
preferred to apply it. Conclusions: It seems that the anti-fatigue mat may be useful in reducing the low back pain although it
objectively didn’t significantly change the gluteus medius co-activation pattern related to the low back pain.
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INTRODUCTION
Low back pain is one of the most prominent work-related
musculoskeletal disorders. Prevalence of this disorder has
been estimated to stand at 60–80%, and to occur mostly in 2nd to 5th decades of life [1]. Epidemiologic studies have indicated that there is a significant relationship
between developing the low back pain and prolonged
standing [2]. Prolonged standing is common among service workers such as cashiers, manufacturing occupations
such as assembly line workers, inspectors and quality control workers as well as nurses and surgeons in health care
sections [3–7].
It seems that the low back pain is mainly due to the static
posture during prolonged standing and developing and accumulating metabolites in low back muscles [8]. Nevertheless, there are different reasons for the low back pain in
most mechanism cases. Therefore, it remains to be proven
how to predict the pain effectively [9]. Biomechanical and
kinesiological studies have been conducted to identify
the predicting factors of low back pain due to prolonged
standing among people lacking symptoms of low back
pain. These investigators tried to assess various variables
such as hip and torso muscles activation, lumbar spine
posture, oxygenating in back extensor muscles, torso skin
temperature, center of pressure center changes, strength,
gluteus medius muscles activation and endurance tolerance, trunk muscles activation, and hamstring muscles
tight. It is worth noting that these variables have been investigated in some studies about clinical and psychosocial
assessment instruments [6–12].
The effective factors in identifying individuals who are
susceptive to low back pain were as the following: trunk
flexor/extensor and bilateral gluteus medius muscles coactivation patterns, frontal plane control during clinical
assessment and gluteus medius endurance, based on the
visual analogue scale (VAS), in the pain developer group
as compared to the non-pain developer group, the thres
hold showed an increase in the trunk flexor/extensor and
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bilateral gluteus medius muscles co-activation. A significant decrease in frontal plane control and in gluteus medius endurance [8–11] had already been shown. Despite
the basis factor as a dominant and reliable pattern in all
studies, bilateral gluteus medius muscles co-activation and
individuals’ subjective report on low back pain are based
on the VAS, so that 76–79% of the individuals can be accordingly divided into 2 pain developer and non-pain developer groups [8–10,13].
Low back pain due to prolonged standing has a considerable impact upon health, sick absence and productivity [3,14]. Accordingly, many countries have broadly
studied prolonged standing as an ergonomic problem
quantitatively [3].
Multiple ergonomic interventions have been developed in
order to reduce low back pain resulting from prolonged
standing. These interventions aim to make appropriate
workplace for workers and staff. Some of them are: changing a mat under the feet of workers, using shock-absorbing
shoe insole, using arch-support orthotics, wearing shockabsorbing shoes and applying foot rail [3–5,14–22].
Among these interventions, the anti-fatigue floor mat
is a common ergonomic solution in decreasing complications arising from prolonged standing [3,14]. Mats
are mainly applied in industries. In addition, a special mat
has been designed for surgery in the health care section to
minimize the effects arising from prolonged standing in
surgeries [4].
Various mats have been evaluated and compared according to features such as stiffness, thickness, compression,
material quality and their relationship with fatigue and
discomfort in order to identify an effective mat in reducing
complaints arising from prolonged standing. Several studies
indicated that a soft mat significantly decreased pain level [3,14,17,20,23]. For thickness, Chaffin and Redfern stated
that 3.8–5.8-inch mats are the most effective ones [20]. According to Konz et al., the least compressed mats are the
best [24]. Also, Rys and Konz came to the conclusion that
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mats having 6% compression due to body weight are more
comfortable than those having 18% compression [25].
However, Cham and Redfern have revealed that there
are factors such as elasticity increase, reduction of energy
absorbance, and mat stiffness increase that lead to discomfort and fatigue alleviation after standing for 3 h in
a 4-h standing pattern [17].
Many studies have been conducted to investigate the effectiveness of these interventions in low back and lower
limb complications resulting from prolonged standing.
The effect of the anti-fatigue floor mat on different subjective and objective variables related to standing has been
investigated in these studies. In the studies on the subjective criteria of individuals in different surface positions,
although most results showed that the mats had a significant impact upon individuals’ understanding of fatigue
and discomfort [3,17,20], it is nearly incompatible with the
results obtained from studies conducted on the effect of
mats on some special body areas [14]. On the other hand,
recording local fatigue in paraspinal muscles using the
surface electromyography (EMG) was the only objective,
achievement of which was assessed in order to determine
the effect of mats on the fatigue and discomfort in low
back area. In previous studies among biomechanical and
physiological parameters, subjective criteria or objective
aspects had been solely considered.
Few studies have been conducted to investigate these parameters; however, the mats type, number of participants,
data collection method, and performance method have
been different in these few studies. The methodology variety has made the obtained results totally different in all of
these studies [14]. Based on our knowledge, the effect of
anti-fatigue on the variables related to the low back pain
due to prolonged standing has not been studied by now.
Taking into consideration the significance of the low back
pain due to prolonged standing, this experimental study
aims to determine the effect of anti-fatigue mats on the
low back pain due to prolonged standing on the basis

ORIGINAL PAPER

of the VAS and the objective index of bilateral gluteus medius co-activation. Results may be profitable in developing
suitable ergonomic approaches to prevent the low back
pain due to prolonged standing in individuals who stand
fixedly for a long time during a work day.
MATERIAL AND METHODS
The study was a crossover trial design, and in a doubleblind trial 16 subjects were entered into the trial by a random-number table. Prior to the investigation, volunteers’
qualifications for participating in the study had been evaluated. Individuals with the records of the low-back pain,
who required medication or 3-month sick absence, the records of hip surgery, and the low-back pain records during
the last 12 months were excluded. They were capable of
standing more than 4 h. All the subjects participated voluntarily in this study and signed written consent forms approved by the ethical committee of the Urmia University
of Medical Sciences.
The study was conducted in two 2-h standing positions
including standing on the normal firm surface and on
the anti-fatigue floor mat in the ergonomics laboratory.
Because of having appropriate thickness and acceptable
firmness level [3,14], the ergomat infinity bubble was used
as the anti-fatigue floor mat under this study. This product
is made of foam polyurethane of 14.5 mm in thickness. All
individuals were positioned in 2 positions in the course of
the study. Due to that each day only 2 participants were
tested, the break between the tests in position 1 and position 2 for each participant was at least 7 days. In each of
the 2 positions, surface areas were covered in order to prevent participants to make judgements subjectively. Data
collection methods, and design performance steps in both
positions were the same, as described below.
At first, participants were requested to show pain extreme
in their low back area by means of the VAS.
Validity and reliability of the VAS were verified by the
level of discomfort and low back pain rating in accordance
IJOMEH 2015;28(2)
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with the previous studies [26,27]. In each group of participants, the VAS value obtained prior to standing in both
positions was later defined on the basis of 2 criteria. The
maximum variation for the VAS scores during 2-h standing was one of the criteria, and the sum of the VAS score
variations reported during the 2 positions was the other
criterion. The participants were subsequently divided
into the pain developer and non-pain developer groups
according to the maximum variation for the VAS scores
during the 2-h standing. In the pain developer group, the
maximum VAS was more than 10 mm, and in the nonpain developer group it was less than 10 mm [13]. The
pain developer group on the normal surface was divided
into 2 groups of respondents and non-respondents. Accordingly, if the anti-fatigue floor mat reduced the pain
level, they would belong to the respondent group and if it
did not – to the non-respondent group.
The electrical activities of gluteus medius muscles were recorded, in accordance with the previous studies, by 1 pair
of electrodes Ag/AgCl [9–11,13].
The maximum voluntary contraction (MVC) was recorded 3 times in 1-min intervals with 5-s duration on both
sides. There was a hand resistance against hip abdaction
while the participants were lying on the flanksand.
The raw electromyography signals were collected by
using the 8-channel amplified biometreric set model
Ltd NP11 (7H z), and according to the sampling frequency
of 1024 Hz. The biometric set filtered passes of 15–500 Hz
automatically in order to record muscle signals. Although,
the exact location of electrodes was defined according to
special landmarks, their true locations were controlled by
checking output signals when contracting the muscle.
Then, the participants were positioned on a limited and
determined place of 64×52 cm in size. The participants
who had worn heel-free sport shoes, were positioned in
the naturally anatomical position, and an adjustable table
was set in front of them, as such they entered into the experiment protocol in a 2-h continuous standing position.
IJOMEH 2015;28(2)

Adjustable tables were set 5 cm below their elbow height.
The participants were instructed not to go beyond the delimited area, not to lean their feet on the table feet, and
not to incline on the table with a hand. In this study, to
simulate the easy professions, 4 various professions such
as assembling small parts, classification, mental activities,
and standing without doing any activity and social interaction were chosen. These professions were performed randomly for 30 min during 2-h standing, so that the participants were requested to select an action by lot.
Electromyography data was collected from the above
mentioned muscles within 15-min successive periods
during 2-h standing.
At the end of each period of 15 min, the participants were
asked to show the objective pain level by means of the
VAS. Finally, 9 pain assessments and 9 muscle electric activity records were developed in 4 random blocks for each
position and each participant within the time of 2 h.
At the end, the participants who had stood in both positions were asked which position they preferred.
To analyze and study the EMG signals, a manual program
was written in Matlab version R2009a (The Mathworks, Inc.,
Natick, USA). Since electrodes which were used as software
possessed mid-pass filters of 15–500 Hz, no software filters
were manually applied to the data. To smooth raw data and
data reduction, a time window of 200 ms was passed for every batch of 30 000 data taken for every muscle (left and
right) within every 30 s (30 s × 1000 Hz) and the root mean
square (RMS) was computed for each window. This protocol was applied for 9 times in each test (in 15-min blocks
during 2-h standing), and for the triple MVCs data. To normalize the RMS data, according to the equation 1, all of the
RMS data (RMSi) was subtracted from the RMS of the
rest data (RMSrest or RMSmin) and divided by the maximum RMS value from the triple MVC tests (RMSMVC
or RMSmax) minus the RMS of the rest data (RMSrest
or RMSmin). This method was applied to each muscle, and
for 9 times in each test. For computing the co-activation
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coefficient index (CCI), which shows simultaneous cocontraction of both muscles quantitatively, the normalized root mean square (NRMS) low(i) and NRMS high(i)
were selected from among the NRMS of the 2 muscle
groups (right and left gluteus medius) in each test. (In each
time 1 of these muscles the normalized root mean square
(NRMS low) had the relative minimum value and the other
had the relative maximum value (NRMS high)). This process was repeated for 9 steps (i = 1.9) that were incorporated into the equation 2.
So, 9 CCIs were obtained within 25-min intervals for each
muscle pair in every position. The mean was computed on
the basis of 9 co-activations during 2-h standing as a criterion for comparing the CCI variations in both positions.
The Equi 1 RMS normalizing relation:
NRMS 

 RMSi  RMSmin 
 RMSmax  RMSmin  (1)

where:
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Visual analogue scale scores during standing
Scores in both positions increased during 2-h standing, and
the difference was statistically significant (p < 0.05). As
shown in the Figure 1, the VAS score for the position 2 was
lower than for the position 1, which was without intervention.
By comparison of the mean VAS score changes for the
position 1 and 2, the results of the Wilcoxon test along
with the significance level of α = 0.05 revealed that there
was a significant difference between the max VAS and the
sum of the VAS scores (p < 0.05). According to the RMA,
there wasn’t any statistically significant difference in the
mean CCI in bilateral gluteus medius muscles co-activation level in both positions (p > 0.05) as demonstrated in
the Figure 2. As compared to the mean gluteus medius
muscles co-activation variations in the position 1 and 2,
and the Wilcoxon test results in α = 0.05, it was revealed
that unlike the VAS, there was no significant difference
between the mean gluteus medius muscles co-activation
on both sides in both positions (p > 0.05).

i – data for each session of 9 steps.

 NRMS min i 
  NRMSmin i  NRMS max i 
CCI   
 NRMSmax i 
(2)

Statistical analysis
The statistical analysis was performed by means of
the SPSS software version 18. In order to test the research hypothesis, the Wilcoxon test, McNemar’s test,
Mann-Whitney U test, and the repeated measure analysis (RMA) were used. The significance level was p < 0.05
for all tests.
Findings
In this study, 1 of the participants was excluded, because
his electromyography signals were not appropriate for the
analysis purposes.

VAS (mm)

The Equi 2 CCI computation relation:

Low back pain due to standing on the basis of the VAS
In investigating the low back pain, the participants were divided into the pain developer and the non-pain developer
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Fig. 1. The process of the visual analogue scale (VAS) score
from the baseline during the 2-h standing period in the
position 1 and 2
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Fig. 2. The process of the bilateral gluteus medius co-contraction
index (CCI) during the 2-h standing period in the position 1 and 2

groups according to the VAS data analysis. It was observed
that 10 out of 15 participants were in the pain developer
group, and the others were in the non-pain developer groups.
In the pain developer group, i.e., standing on the anti-fatigue
floor mat, there was no significant difference in decreasing
the low back pain level as compared to the non-pain developer group (p > 0.05). The result of the McNemar’s test
didn’t show any significant difference in decreasing the low
back pain level due to standing on the anti-fatigue floor mat,
when comparing the study groups (p > 0.05).
General characteristics of the study subjects are presented
in the Table 1. According to the Mann-Whitney U test, the
participants’ characteristics were statistically identical in

both groups (p < 0.05). The visual analogue scale variation means for both groups in 2 positions during 2-h standing. The result of the RMA has shown that the VAS mean
score is an additional process, and it is influenced by time
significantly (p < 0.05). It was lower in the non-pain developer group as compared to the pain developer group (Figures 3 and 4). Similarly, the mean bilateral gluteus medius
muscles co-activation was significantly higher in the pain
developer group as compared to the non-pain developer
group (p < 0.05) (Figures 5 and 6).
By investigating the effect of the anti-fatigue floor mat on
the CCI in 10 pain developer participants and 5 non-pain
developer participants in the position 1, it was determined
that the parameter values changed from 4.35±0.9 in the
position 1 into 3.82±0.85 in the position 2 in the pain developer group, and it changed from 0.92±0.38 in the position 1
into 1.63±0.63 in the position 2 in the non-pain developer
group. According to the Mann-Whitney U test, there wasn’t
any significant difference between the pain developer and
non-pain developer participants in the position 1 (p > 0.05).
Moreover, by studying the effect of the anti-fatigue floor mat
on the CCI in 5 respondent participants and 5 non-respondent participants, it was indicated that the CCI level reduced
from 4.31±1.5 in the position 1 to 3±1.04 in the position 2 in
the respondent group, and it was reduced from 4.38±1.19
to 4.65±5.34 in the non-respondent group in the position 2,
although these variations weren’t significant (p > 0.05).

Table 1. Baseline demographics of the study participants in the pain developer (PD) and non-pain developer (NPD) groups
in the position 1 and 2
Standing position
Position 1
Position 2

Group
(N)

Age
(years)
(M±SEM)

BMI
(kg/m2)
(M±SEM)

Baseline VAS
(mm)

Second baseline VAS
(VAS of min 0)
(M±SEM)

PD 10

22±0.56

21.98±0.94

0

0.4±0.22

NPD 5

22.8±1.36

21.58±1.08

0

0.2±0.20

PD 5

21.8±0.58

24.15±0.99

0

0.4±0.40

NPD 10

22.5±0.80

20.69±0.70

0

0.2±0.13

VAS – visual analogue scale; M – mean; SEM – standard error of the mean.
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Fig. 3. The process of the visual analogue scale (VAS) score
from the baseline during the 2-h standing period in the PD
and NPD groups in the position 1

Fig. 4. The process of the visual analogue scale (VAS) score
from the baseline during the 2-h standing period in the PD
and NPD groups in the position 2
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Abbreviations as in the Figure 3.

Fig. 5. The process of the bilateral gluteus medius
co-contraction index (CCI) during the 2-h standing period
in the PD and NPD groups in the position 1

Fig. 6. The process of the bilateral gluteus medius
co-contraction index (CCI) during the 2-h standing period
in the PD and NPD groups in the position 2

DISCUSSION
The results showed that the anti-fatigue floor mat is effective in reducing the low back pain (p < 0.05). Based on
this study, the anti-fatigue floor mat did not have a significant effect on the objective muscle activity pattern variable related to the low back pain (p > 0.05). Although,

the anti-fatigue floor mat reduced pain level in 5 members
of the pain developer group, it had no significant effect
in α = 0.05 on reducing pain level (p > 0.05). Despite increasing the CCI level for the pain developer group, the
anti-fatigue floor mat did not have a significant impact
on reducing bilateral gluteus medius muscle co-activation
IJOMEH 2015;28(2)
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in both the pain developer and the non-pain developer
groups (p > 0.05).
Low back pain and discomfort
during prolonged standing
In this study, the subjective pain level in low back during 2-h standing was influenced significantly by time
(p < 0.05). It was increased in low back gradually though
pain scale was lower as compared to the position 1, in the
intervention position. This result supported that prolonged
standing in static posture is a risky factor in developing low
back pain. According to several studies which have been
conducted to investigate the relationship between the low
back pain and physical factors in various professions such
as workers, nurses, surgeries and so on, it has been proven
that this factor is functional in developing the low back pain.
This study supported the positive impact of the anti-fatigue floor mat on reducing pain, which was in agreement
with the studies conducted by Redfern and Chaffin, and
Rys and Konz [20,28]. Although, the findings obtained
by Konz et al., and Krumwiede et al. revealed that mats
have no effect on subjective pain level in the low back
pain [24,29,30], this difference could be explained by various standing periods during studies [17].
Bilateral gluteus medius muscle
co-activation pattern during standing
The process of gluteus medius co-activation which is related to the low back pain was not influenced by passing time
in both positions (p > 0.05). A significant difference wasn’t
found in bilateral gluteus medius CCI level between the
positions 1 and 2 (p > 0.05). The previous studies proved
that, as a determinant factor in developing the low back
pain, bilateral gluteus medius muscle co-activation pattern
was considered as a dominant pattern for identifying individuals and positioning them in both the pain developer
and the non-pain developer groups [9–11,13]. Since participants grouping wasn’t done on the basis of susceptiblity
IJOMEH 2015;28(2)

to the low back pain intervention in this study, it may lead
to decreasing gluteus medius CCI level in the pain deve
loper versus the non-pain developer group [31].
Low back pain due to prolonged standing
In this study, in the non-intervention position, 67% of participants suffered from the low back pain and discomfort
based on the VAS that was consistent with the others [8–
13]. The results of this study correspond with the studies,
in which bilateral gluteus medius co-activation was introduced as a determinant factor in developing the low back
pain [9–11,13], and it verified that the co-activation level
of the pain developer group for 2 h was significantly higher
as compared to the non-pain developer group. We showed
that standing on the anti-fatigue floor mat results in decreasing bilateral gluteus medius muscular co-activation
in individuals in the position 1. However, this increase
wasn’t significant.
It should be noted that the intervention in the non-pain
developer group increased the CCI for gluteus medius.
However, there was no increase in the low back pain.
No study had been conducted on the effect of the intervention on the low back pain due to prolonged standing
using the CCI for gluteus medius. The results obtained
from this study correspond with the study performed by
Nelson-Wong and Callaghan who investigated the effect
of the sloped surface on biomechanics [31]. By objective
answers related to standing for 2 h, they found that decreasing the CCI for gluteus medius and objective low
back pain in the pain developer group during standing
on the sloped surface, it increased in the non-pain developer group without increasing the low back pain [31].
Because of few numbers of the participants, the results of
this study can’t be generalized to general population. However, there were a few limitations in this study such as the
lack of female participants, abnormal shoes of participants,
and standing just for 2 h. Despite these limitations, the obtained results provide evidence on the anti-fatigue effect of
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mats in reducing subjective pain level in the low back area.
In general, the results support the theory of using mats between foot and firm surface during prolonged standing in
order to reduce discomfort in different body areas.
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